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Up to 20% of the chromosomal Pseudomonas aeruginosa DNA belong to the so-27 called accessory genome. Its elements are specific for subgroups or even single 28 strains and are likely acquired by horizontal gene transfer (HGT). Similarities of the 29 accessory genomic elements to DNA from other bacterial species, mainly the DNA of 30 -and -proteobacteria, indicate a role of interspecies HGT. In this study we 31 analysed the expression of the accessory genome in 150 clinical P. aeruginosa 32 isolates as uncovered by transcriptome sequencing and the presence of accessory 33 genes in eleven additional isolates. Remarkably, despite the large number of P. 34 aeruginosa strains that have been sequenced to date, we found new strain-specific 35 compositions of accessory genomic elements and a high portion (10 -20%) of genes 36 without P. aeruginosa homologues. Although some genes were detected to be 37 expressed/present in several isolates, individual patterns regarding the genes, their 38 functions and the possible origin of the DNA were widespread among the tested 39 (Ramos, 2004) . In addition to many common features, P. aeruginosa isolates often 50 display individual phenotypic traits. This phenotypic diversity is reflected in the 51 composition of the genomes: The major part of a P. aeruginosa genome, the core 52 genome, is found in all strains and, with the exception of a few loci, is usually highly 53 conserved with only 0.5 -0.7% sequence diversity (Spencer et subtypes of these gene clusters . 60
Besides that, up to 20% of a genome can be composed of DNA blocks specific for 61 subgroups of strains or even single strains. Such DNA blocks appear as genomic 62 islands or islets inserted between core genome parts at various chromosomal loci. 63
Their sizes range from a few hundred bp up to 200 kbp, and together they make up a 64 strain's accessory genome. The individual composition causes variable genome 65 sizes, usually between six and seven Mbp . Accessory DNA 66 blocks often display features of mobile elements such as phages, transposons or 67 integrative and conjugative elements (Kung et al., 2010) , indicating the importance of 68 mobile DNA in shaping the accessory genome. These mobile elements serve as 69 vehicles for associated 'cargo' DNA that integrates into the host genome as well. 70
Several large genomic islands and smaller insertions have been described so far 71 . They were either sequenced separately, such as PAGI-1 72 (Liang et al., 2001) Klockgether et al., 2013) . 93
In this study we screened for the presence and the expression of accessory genes in 94 a large collection of P. aeruginosa isolates. Searches for high sequence identities to 95 genes from previously sequenced P. aeruginosa strains, other Pseudomonads and 96 other genera were performed, and the nature and distribution of acquired genes 97 within our strain pools were evaluated. Furthermore, in order to gain broader 98 knowledge on the principles of accessory genome composition, predicted functions of 99 the acquired genes were assessed. Analysis was done on full transcriptome datasets 100 for 150 individual clinical isolates and on genome sequence data for eleven P. 101 aeruginosa strains isolated from airways of cystic fibrosis patients. 102 barcodes, which were subsequently removed. Reads with more than one error in 129 their barcode were discarded; the others were trimmed using the fastq-mcf script of 130 the ea-utils package (Aronesty, 2011) , removing adapters and low quality sequences. 131
Materials & Methods
Genome sequencing was done on a SOLiD 5500XL system (Life Technologies). 132
Bead-coupled fragment libraries for high-throughput sequencing were generated 133 from genomic DNA of bacteria grown at 37°C in LB-medium. DNA fragmentation and 134 processing was done using kits and standard protocols provided 
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The transcriptome reads were mapped against five P. aeruginosa reference 146 genomes (PA14, PAO1, LESB58, PACS2 and PA7) using Stampy (Lunter & 147 Goodson, 2011). Sequencing reads that did not map to any of the references were 148 used in a de novo transcriptome assembly approach using Velvet (Zerbino, 2008 ) 149 with a wide range of k-mers (27 to 37) and a minimal contig length of 100 bp. 150 length of 100 bp and sequence similarity higher than 90% as cut-off values. An initial 153 accessory gene list containing 9242 entries was established by extracting always the 154 first coding sequence that neither belonged to nor was an ortholog of the P. 155 aeruginosa reference genomes used. Previously unmapped sequencing reads were 156 mapped against this list using Stampy, and gene coverage was calculated based on 157 the mapping results. Final analysis was performed only on genes with at least 90% 158 coverage in the respective isolate(s). All figures were produced using R for statistical 159 computing (R Core Team, 2013) and the pheatmap package (Kolde, 2013) . 160
De novo assembly of genomic reads was done using ABySS (Birol et al., 2009) homologues in a variety of non-P. aeruginosa species (Table S1) . 182
The vast majority of the latter genes were found in only few isolates: 752 (71%) 183 genes were well-covered in one to five, another 129 (12%) in six to ten isolates. Protein descriptions were obtained from the Microbial Genome Database (Table S1)  192 and grouped into the predicted protein function categories shown in Table 1 Table 2 also displays the number of isolates which have acquired genes annotated in 213 the respective bacterial species. Not only was a great variety of different genes from 214 other Pseudomonads found in general, but also a large number of clinical isolates 215 expressed at least one gene of P. stutzeri (111 isolates) or P. putida (52 isolates). 216
Additionally, although a more limited number of genes was annotated in the 217 Enterobacteriaceae E. coli (25 genes) and S. enterica (42 genes), homologues from 218 these species were found in as many as 58 and 38 of the 150 isolates included in 219 this approach. 220 were from other bacterial species (Table 3) . Similar to the transcriptome results, 235 these other species contained Pseudomonads as well as bacteria from other genera 236 (Table 3 ). In total, similarities to Pseudomonads such as P. putida, P. stutzeri or P. 237 fluorescens were more frequent (Table 4 ), but homologues of other proteobacteria 238 were detected for each isolate (Table S2 ). Most of them were γ-, few were β-239 proteobacteria (e. g. Ralstonia or Polaromonas sp.), but also species from other 240 classes were found in individual cases (Table S2) . 241
Analysis of the protein names of the identified ORFs of all analysed isolates revealed 242 that more than 50% code for uncharacterized or hypothetical proteins, which is aislands and integrase/transposase as well as phage-and plasmid-related genes, all 246 reflecting the role of such elements in shaping the accessory genome. Other 247 categories appearing more often were transcriptional regulators and transporter 248 components. Some features were seen for few isolates only, such as copper 249 resistance or Type I restriction modification system genes, and some function 250 predictions appeared in single strains exclusively, e.g. type VI secretion system 251 components in isolate NA1. When focussing only on non-P. aeruginosa hits (Table  252 S3B), most were again uncharacterized and hypothetical proteins. Phage 253 components or other proteins typical for mobile elements were also in these shorter 254
lists. However, these lists were all highly individual: no mobile element component 255 appeared as best homologue for ORFs from many isolates. non-P. aeruginosa species for which the accessory genes were already described, P. 265 stutzeri and P. putida were detected most frequently in both approaches. However, 266 genetic elements from genera other than Pseudomonas were found more often within 267 the transcriptome sequencing results. Most interestingly, independent of the chosen 268 approach, no large groups of isolates shared the same pattern of so far in P. 269 aeruginosa unannotated genes within their accessory genomes. In the same line,many functional elements were found specifically within subgroups or even within 271 single isolates, so that, as for the new genes, no common patterns were seen in the 272 chosen collection. Contrary to this, the transcriptomic approach showed that 273 phylogenetically closely related isolates often express different genes from the same 274 species, implying that they had access to specific gene pools. 275
In summary, the extended analysis of two independent collections of clinical P. 276 aeruginosa isolates indicates that a broad gene pool from various bacterial species 277 serves as a possible source of accessory genome elements that can be accepted by 278 P. aeruginosa. Despite the already large number of P. aeruginosa genomes 279 deposited in the databases, almost all isolates analysed in this study exhibited genes 280 that were not known to belong to the accessory genome of this species so far. A 281 great variety of potential donor species as well as function predictions could be 282 detected by our approaches, demonstrating the ongoing possibility to find individual 283 genomic traits whenever the DNA or the RNA of an independent P. aeruginosa strain 284 is sequenced. This would imply an extended pangenome for this species, the limits of 285 which could not be unequivocally 
